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(54) Method for purifying crude 1 ,1 ,1 ,3,3-pentaf luoropropane 

(57) The invention relates to a method for purifying 
a crude 1,1,1 ,3,3-pentaf luoropropane (HFC-245fa) con- 
taining HFC-245fa and 1-chloro-3,3,3-trffluoro-trans-1- 
propene (HCFC-1 233zd(t)) ( by distillation. This method 
is characterized in that the distillation is conducted in 
the presence of a solvent having a boiling point which is 
higher than that of HCFC-1 233zd(t), thereby to substan- 
tially remove HCFC-1 233zd(t) from the crude HFC- 
245fa. This solvent may be selected from the group con- 
sisting of carbon chlorides, chlorohydrocarbons, fluoro- 
chlorohydrocarbons, saturated hydrocarbons, and 
mixtures thereof. With the use of this solvent, it 
becomes possible to substantially easily separate HFC- 
245fafrom HCFC-1 233zd(t). 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method for purifying 1.1.1.3.3-pentafluoropropane (hereinafter referred to as 
"HFC-245fa") which is useful as a refrigerant, a blowing agent for preparing rigid urethane foam, and the like, particu- 
larly to a method for purifying a crude HFC-245fa containing 1 -chloro^,3,3-trffluoro-frans-1 -propene and the l.ke, wh.ch 

are to be removed therefrom. ... _. 

Today 1 1 -dichloro-1 -f luoroethane is used as a blowing agent for prepanng rigid urethane foam, and the liKe mis 
compound has a capability to destroy the ozone layer, even though its capability is low. Therefore, it is considered as a 
transient alternative substance and thus is designated as an object which will be limited in use in the future jn view _of 
this, much attention is attracted to HFC-245fa as being an alternative to 1 .1 -dichloro-1 -fluoroethane. s.nce HFC-245fa 
does not have a capability to destroy the ozone layer. 

There is disclosed in U.S. Patent No. 5.574.192 a method for producing HFC-245fa by fluor.nat.ng 1.1.1 ,3.3-pen- 
tachloropropane with hydrogen fluoride in the liquid phase in the presence of a fluorination catalyst of arrtimony pen- 
tachloride In case that this fluorination is conducted continuously, an intermediate of this fluonnation. 1*oW 
trifluoro-1 -propene (hereinafter referred to as HCFC-1233zd). will inevitably be distilled off together wrth HFC*45fa, 
since these compounds are close in boiling point. This intermediate. HCFC-1233zd. has cis-trans isomers (HCFC- 
1233zd(c) and HCFC-1233zd(t)). When 1.1.1,3.3-pentachloropropane or HCFC-1233zd is reacted in the gas phase 
with hydrogen fluoride in the presence of a chromium catalyst and the like, the reaction product may contain a consid- 
erable amount of HCFC-1233zd. 

In general, distillation is used for separating a liquid or gaseous liquefiable mixture. It is, however, very difficult to 
separate components of this mixture, if they are close in boiling point. For example, the boiling points .of HFC-245fa and 
HCFC-1233zd(t) are very close. 15.3'Cfor HFC-245fa and 21.0°Cfor HCFC-1233zd(t). In a normal distillation of amix- 
ture containing HFC-245fa and HCFC-1233zd(t). HCFC-1233zd(t) is distilled off, prior to HFC-245fa. Thus *eretatra 
volatility of these components is assumed to be close to 1 . tt is known to use extractive distillation in order to effectvely 
separate a mixture containing components having a relative volatility close to 1. There is disclosed in U.S. Patent No. 
5 087 329 the use of 1 ,2-dichlorotetraf luoroethane as an extractive agent in an extractive distillation for separating pen- 
tafluoroethane from chloroperrtafluoroethane. Furthermore, there is disclosed in Japanese Patent Unexammec I Publi- 
cation JP-A-7-133240 the use of an extractive agent selected from paraffines (alkanes). alcohols, ethers and ketones, 
which have standard boiling points under atmospheric pressure within a range of from -10 to 100-C in an ^actjvedis- 
tillation for separating pentafluoroethane from chloropentafluoroethane. Still furthermore, there is disclosed in JP-A-9- 
1 2487 the use of an extractive agent selected from carbon chlorides and chlorohydrocarbons, having 1 -2 carbon atoms 
in the molecule, in an extractive distillation for separating pentafluoroethane from 1 , 1 , 1 -trif luoroethane. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method fa substantially easily purifying a crude HFC-245fa con- 
taining HCFC-1 233zd(t) which is to be removed therefrom. 

According to the present invention, there is provided a method for purifying a crude 1 .1 .1 •3- 3 -P e ^'" or ^?P ane 
(i e HFC-245fa) comprising HFC-245faand 1-chloro-3,3,3-trifluoro-trans-1 -propene (i.e., HCFC-1 233zd(t)), by distilla- 
tion! This method is characterized in that the distillation is conducted in the presence of a solvent having a boiling point 
which is higher than that of HCFC-1 233zd(t), thereby to substantially remove HCFC-1 233 zd(t) from the crude HFC- 
245fa This solvent may be selected from the group consisting of carbon chlorides, chlorohydrocarbons, ""oro^'oro- 
hydrocarbons. saturated hydrocarbons, and mixtures thereof. With the use of this solvent, it becomes possible to sub- 
stantially easily separate HFC-245fa from HCFC-1 233zd(t) contained in the crude HFC-245fa. 

DESCRIPTION OF THE PREFERRE D EMBODIMENTS 

A method for purifying a crude HFC-245fa containing HFC-245fa and HCFC-1 233zd(t) which is to be removed 
therefrom, by distillation will be described in detail in accordance with the present invention, as follows. 

in general the crude HFC-245fa varies in composition, depending on the reaction conditions tor preparing the 
same In fact, the position of chemical equilibrium is influenced by the reaction conditions such as thereacton temper- 
ature pressure, and the hydrogen chloride concentration of the reaction system, and thus the crude HFC-245fa has a 
certain particular composition. In general, the reaction conditions are adjusted in a manner to maximize tjie production 
efficiency and to minimize the production cost In the invention, the crude HFC-245fa is not particularly l.mrted m com- 
position. In the crude HFC-245fa. the molar ratio of HCFC-1 233zd(t) to HFC-245fa may be from 0.0 1 :1 to 1 this 
ratio exceeds 1 . it does not cause any technical problems. However, the amount of HCFC-1 233zd(t) to be recycled may 
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become too much. This is not preferable from the economical viewpoint. 

The method for producing the crude HFC-245fa which contains HFC-245fa and HCFC-1233zd (i.e.. a mixture of 
cis-trans isomers) and is to be purified in accordance with the present invention is not particularly limited. For example, 
this crude HFC-245fa may be produced by fluorinating a propane represented by the formula CPvC^-vC^CHF^^. 
w where W is 0 or 1 and Y is an integer of from 0 to 3. with hydrogen fluoride, in the presence of a catalyst, in the liquid 
phase. In particular, the crude HFC-245fa maybe produced by fluorinating 1,1,1,3,3-pentachloropropane with hydro- 
gen fluoride in the liquid phase, in the presence of an antimony compound as catalyst. Furthermore, the crude HFC- 
245fa may be produced by fluorinating 1 ,^1 ,3,3-pentachloropropane or HCFC-1233zd with hydrogen fluoride, in the 
gas phase, in the presence of a chromium catalyst. 

According to the above-mentioned methods for producing the crude HFC-245fa, the reaction products obtained 
from the reaction system are the following first second or third compound and the unreacted hydrogen fluoride, as well 
as hydrogen chloride and HFC-245fa. This first compound is represented by the formula CFyCI 3 _yCH 2 CHF w CI 2 -w 
where Y is an integer of from 0 to 3, W is an integer of from 0 to 2, and it is impossible that Y is 3 and at the same time 
W is 2 in fact, when Y is 3 and at the same time W is 2, the first compound becomes HFC-245fa. The second com- 
pound is represented by the formula CHF M CI 2 _ M CH=CF N CI 2 _ N where M is an integer of from 0 to 2, N is an integer of 
from 0 to 2. The third compound is represented by the formula CHF P CI 1 .pCHCF Q CI 3 .Q where P is 0 or 1 , and Q is an 
integer of from 0 to 3. In general, the above-mentioned reaction products include HCFC-1233zd, and this HCFC- 
1233zd is made up of HCFC-1233zd(t) and HCFC-1233zd(c). In general, the molar ratio of this HCFC-1233zd(t) to this 
HCFC-1233zd(c) is from 5:1 to 10:1. Inespective of this molar ratio, the method of the present invention can be used 
for purifying the crude HFC-245fa. It is, however, preferable to remove acid components (i.e., hydrogen chloride and 
hydrogen fluoride), for example, by washing the crude HFC-245fa with water or a basic solution or by a cooling conden- 
sation method, prior to the distillation of the present invention. The crude HFC-245fa used in the invention may be a mix- 
ture of the above-mentioned reaction products. Alternatively, this mixture may preliminarily be purified, for example, by 
distillation, to obtain a purified product which is substantially made up of HFC-245fa and HCFC-1 233zd(t) and optionally 
25 HCFC-1 233zd(c). This purified product may be used as the crude HFC-245fa of the invention. 

The above-mentioned solvent used in the invention serves as an extracting reagent (extractive agent) in the distil- 
lation (i.e., extractive distillation). According to the invention, there is a first preferability that it is used as this solvent a 
substance which is capable of altering the volatility of HCFC-1 233zd(t) relative to HFC-245fa and has a boiling point 
that is sufficiently higher than that of HCFC-1233zd(t), so that the solvent can easily be separated from HCFC- 

30 1233zd(t). . J „ x . ..... 

According to a first preferable embodiment of the invention, in addition to the above-mentioned first preferability, 
there are a second preferability that the solvent is selected from raw materials and intermediates of the production of 
the crude HFC-245fa, because the reaction is not influenced by the solvent contained in the reaction system when the 
residue of extractive distillation is recycled to the reactor, and a third preferability that the solvent is selected from non- 
flammable materials when it is used in an industrial scala As the solvent according to the first embodiment of the inven- 
tion, which satisfies the above-mentioned first, second and third preferabitities, it may be selected from the group 
consisting of carbon chlorides, chlorohydrocarbons, fluorochlorohydrocarbons, and mixtures thereof. As the solvent of 
the first preferable embodiment of the invention, which is selected from the above-mentioned raw materials and inter- 
mediates of the production of the crude HFC-245fa, it is preferably selected from the group consisting of first com- 
pounds represented by the formula CFYa3. Y CH 2 CHF w £k w where Y is an integer of from 0 to 3, W is an integer of 
from 0 to 2, and it is impossible that Y is 3 and at the same time W is 2, second compounds represented by the formula 
CHF m CI 2 _mCH=CF n CI 2 .n wh* 6 M is an ir * e S er of from 0 to 2. N is an integer of from 0 to 2, and it is impossible that M 
is 3 and at the same time N is 2, third compounds represented by the formula CHFpCli.pCHCFQCI3.c1 where P is 0 or 
1 , and Q is an integer of from 0 to 2, and mixtures thereof. Preferable examples of the above-mentioned chlorohydro- 
45 carbon used as the solvent are 1,1,1,3,3-pentachloropropane, 1 ,3,3,3-tetrachloropropene, and 1,1,3,3-tetrachloropro- 
pene. Preferable examples of the above-mentioned fluorochlorohydrocarbon used as the solvent are 1 -fluoro-1 ,1,3,3- 
tetrachloropropane. 1 ,1 -dffliioro-1 ,3.3-trichloropropane, 1 ,3-d*rfluoro-1 .1 ,3-trichIoropropane. 1.1 ,1-trifluro-3,3-dichloro- 
propane, 1,1,3-trffluoro-1,3Hdichloro-propane, and 1 .1.I.S-tetrafluoro-S-chioropropane. Each of these preferable exam- 
ples of chlorohydrocarbon and fluorochlorohydrocarbon is an intermediate, which is formed during a process for 
so producing HFC-245fa from 1,1,1,3,3-pentachloropropane, 1,1,1,3-tetrachloropropeneor 1,1,3,3-tetrachloropropene, or 
a compound derived from this intermediate. It is optional to use as the solvent of the invention a first mixture prepared 
by removing HFC-245fa, HCFC-1 233zd(t) and compounds having boiling points lower than those of HFC-245fa and 
HCFC-1 233zd(t), from the crude HFC-245fa formed by fluorination. Furthermore, it is optional to use as the solvent a 
second mixture prepared by removing some high-boiling-point components from the first mixture. According to the first 
55 embodiment of the invention, further preferable examples of the solvent are a chlorine-containing ethane having a chlo- 
rine atom number of from 3 to 5, a chlorine-containing ethylene having a chlorine atom number of from 3 to 4, a chlo- 
rine-containing methane having a chlorine atom number of from 2 to 3. and mixtures thereof. It is possible to cite as 
these further preferable examples of the solvent trichloroethylene, tetrachloroethylene, 1.1,2-trichloroethane. 1.1.2,2- 
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tetrachloroethane, 1,1,1,2-tetrachloroethane, pentachloroethane, dichioromethane, and chloroform. 

According to a second preferable embodiment of the invention, in addition to the above-mentioned first preferably, 
there is a fourth preferability that the solvent has a melting point which is not higher than about -1 0°C so that the solvent 
does not solidify during the distillation nor make the solutes decrease in solubility. As the solvent of the second embod- 
5 iment of the invention, which satisfies the abovementioned first and fourth preferabilrties, it may be selected from satu- 
rated hydrocarbons. Of these compounds, the solvent is preferably selected from saturated hydrocarbons having 
boiling points of from about 35 to about 200°C, and carbon atom numbers of from 5 to 10. Of such preferable com- 
pounds, the solvent is more preferably selected from an acyclic saturated hydrocarbon which is optionally formed with 
a branch and a cyclic saturated hydrocarbon which is optionally formed with a substituent group. Examples of this acy- 
w die saturated hydrocarbon are n-pentane, n-hexane, 2-methylpentane, 3-methylpentane, 2.2-dimethylbutane, 2,3- 
dimethylbutane. n-heptane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-dimethylpentane, 2,3-dimethylpen- 
tane. 2,4-dimethylpentane, 3.3-dimethylpentane, 2,2,3-trimethylbutane, n-octane, n-nonane, and n^decane. Examples 
of the above-mentioned cyclic saturated hydrocarbon are cycloparaffines having carbon atom numbers of from 4 to 6 
and alkyl. substituents, such as methylcyclobutane, ethylcyclobutane, 1,2-dimethylcyclobutane, isopropylcyclobutanen 
is 1,2-diisopropylcyclobutane, cyclopentane, methylcyclopentarte, ethylcyclopentane, propylcyclopentane, isopropylcy- 
clopentane. butylcyclopentane, 1,2-dimethylcyclopentane, 1,3-dimethylcyclopentane, 1,1,3-trimethylcyclopentane, 
1,2,4-trimethylcyclopentane, methylcyclohexane, ethylcyclohexane. n-propylcyclohexane, isopropylcyclohexane. n- 
butylcyclohexane, 1,1-dimethylcyclohexane, 1 ,2-dimethylcyclohexane, 1 ,2,3-trimethylcyclohexane, 1 -ethyl-3-methylcy- 
clohexane, and 1,2,3,4-tetrametbylcydohexane. These compounds are higher than HFC-245fa and HCFC-1233zd(t) in 
20 boiling point and may further have halogen-substituents (fluorine, chlorine, bromine and iodine). 

The extractive distillation of the invention may be conducted by using a common distillation tower, preferably a 
packed tower or plate tower. In the extractive distillation, the extractive agent (i.e., solvent) is introduced into the extrac- 
tive distillation tower above the stage of the fresh-feed of the crude HFC-245fa. in order to allow the solvent to be 
present throughout most of the distillation tower. Then, HFC-245fa is distilled off from the top of the tower, and a mixture 
25 of the solvent and HCFC-1233zd(t) is recovered from the tower. The operational conditions of the extractive distillation, 
such as the temperature at each stage of the tower, the position of the fresh-feed stage and the amount of the solvent 
to be introduced into the tower, are not particularly limited in the invention. These operation conditions may be changed, 
depending on the capability of the distillation tower, the ratio of HFC-245fa to HCFC-1233zd(t) in the fresh-feed, the 
type and the amount of the solvent, and the like, and can be determined by conducting a preliminary distillation test. It 
30 is optional to add the solvent to the fresh-feed, in order to stabilize the distillation operation. The extractive distillation of 
the invention may be conducted in a discontinuous or continuous manner. In an industrial scale, the extractive distilla- 
tion in a continuous manner is preferable. After the extractive distillation, the solvent may be separated from the recov- 
ered mixture of the solvent and HCFC-1233zd(t), for example, by stripping, then optionally purified, and then 
reintroduced into the extractive distillation tower. 
35 In the invention, the amount of the solvent in the extractive distillation tower is not particularly limited. In the distil- 
lation, HFC-245fa can effectively be separated from the crude HFC-245fa by increasing the ratio of the solvent to the 
fresh-feed in the tower. H this ratio is too high, it may be necessary to provide large devices for the distillation and raise 
the cost of utilities (e.g., electricity) for conducting the distillation and the like. Thus, this is not preferable from the eco- 
nomical viewpoint. In contrast, if the ratio is too low, the separation efficiency of HFC-245fa may become too low. Thus, 
40 the final product may also become too low in purity. In the extractive distillation of the invention, the weight ratio of the 
solvent to the fresh-feed may be from 10:100 to 2,000:100, preferably from 50:100 to 500:100. 
The following nonlimitative examples are illustrative of the present invention. 

EXAMPLE 1 

In this example, the extractive distillation was conducted, as follows, by using a rectification tower which had a tower 
diameter of 13 mm and theoretical 12 stages and was made of glass and packed with a stainless steel packing. HELI- 
PACK (trade name) of Tokyo Tokushu Kana-ami Co. In this distillation, a fresh-feed having a composition shown in Table 
1 was introduced into the tower from the stage 1 0 below the top of the tower at a rate of 31 .0 g/hr as shown in Table 1 . 
and 1 ,1 ,1,3,3-pentachloropropane (solvent) was introduced into the tower from the stage 4 below the top of the tower 
at a rate of 98.3 g/hr as shown in Table 1. The distillation was conducted under normal pressure, with a reflux ratio of 
4. at a bottom temperature of 50°C. With this, a distillate having a composition shown in Table 1 was withdrawn from 
the top of the tower at a rate of 12.6 g/hr as shown in Table 1 . and the bottom products (liquid) were collected at a rate 
of 1 1 5.2 g/hr as shown in Table 1 . 
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Table 1 
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Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


31.0 


98.3 


12.6 


115.2 


Composition (wt%) 










HCFC-1233zd(t) 


43.8 




0.7 


11.1 


HCFC-1233zd(c) 


5.1 






1.3 


HFC-245fa 


51.1 




99.3 


2.1 


1 ,1 .1 ,3,3-pentachloropropane 




99.9 




85.4 
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EXAMPLE 2 

In this example, Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 2 
was introduced into the tower at a rate of 30,9 g/hr as shown in Table 2, and the solvent was introduced into the tower 
at a rate of 100 5 g/hr as shown in Table 2. The distillation was conducted under normal pressure, with a reflux ratio of 
2 at a bottom temperature of 60°C. With this, a distillate having a composition shown in Table 2 was withdrawn from 
the top of the tower at a rate of 23.0 g/hr as shown in Table 2, and the bottom products (liquid) were collected at a rate 
of 105.5 g/hr as shown in Table 2. 
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Table 2 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


30.9 


100.5 


23.0 


105.5 


Composition (wt%) 










HCFC-1233zd(t) 


10.4 




0.8 


2.5 


HCFC-1233zd(c) 


0.2 






0.1 


HFC-245fa 


89.4 




99.2 


4.2 


1,1 ,1 ,3,3-pentachloropropane 




99.9 




93.2 
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EXAMPLE 3 

In this example, Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 3 
was introduced into the tower at a rate of 18.1 g/hr as shown in Table 3, and 1,1,1-trmuoro-3,3Hdichloropropane (sol- 
vent) was introduced into the tower at a rate of 72.4 g/hr as shown in Table 3. The distillation was conducted under nor- 
mal pressure, with a reflux ratio of 4, at a bottom temperature of 60°C. With this, a distillate having a composition shown 
in Table 3 was withdrawn from the top of the tower at a rate of 10.0 g/hr as shown in Table 3, and the bottom products 
(liquid) were collected at a rate of 78.4 g/hr as shown in Table 3. 
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Table 3 
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Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


18.1 


72.4 


10.0 


78.4 


Composition (wt%) 










HCFC-1233zd(t) 


10.4 




1.5 


1.8 


HCFC-1233zd(c) 


0.2 






0.1 


HFC-245fa 


89.4 




98.5 


7.9 


1,1,1 -trrf luoro-3,3-dichloropropane 




99.9 




90.2 
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EXAMPLE 4 

In this example, Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 4 
was introduced into the tower at a rate of 35.1 g/hr as shown in Table 4, and chloroform (solvent) was introduced .nto 
the tower at a rate of 1 1 8.7 g/hr as shown in Table 4. A distillate having a composition shown in Table 4 was withdrawn 
from the top of the tower at a rate of 1 5.9 g/hr as shown in Table 4, and the bottom products (liquid) were collected at a 
rate of 133.8 g/hr as shown in Table 4. 
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Table 4 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


35.1 


118.7 


15.9 


133.8 


Composition (wt%) 










HCFC-1233zd(t) 


43.8 




0.3 


10.8 


HCFC-1233zd(c) 


5.1 






1.1 


HFC-245fa 


51.1 




99.7 


1.0 


Chloroform 




99.9 




87.1 
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EXAMPLE 5 

In this example. Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 5 
was introduced into the tower at a rate of 40.4 g/hr as shown in Table 5, and trichloroethylene (solvent) was introduced 
into the tower at a rate of 114.3 g/hr as shown in Table 5. The distillation was conducted under norma I pressure, with a 
reflux ratio of 4, at a bottom temperature of 60°C. With this, distillate having a composition shown in Table 5 was with- 
drawn from the top of the tower at a rate of 15.3 g/hr as shown in Table 5, and the bottom products (liquid) were col- 
lected at a rate of 138.7 g/hr as shown in Table 5. 



Tables 



50 



55 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


40.4 


114.3 


15.3 


138.7 


Composition (wt%) 










HCFC-1233zd(t) 


46.0 




0.4 


13.2 


HCFC-1233zd(c) 


5.6 






1.6 


HFC-245fa 


48.4 




99.6 


3.1 


Trichloroethylene 




99.9 




82.1 
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EXAMPLE 6 



In this example. Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 6 
was introduced into the tower at a rate of 40.0 g/hr as shown in Table 6, and trichloroethylene (solvent) was introduced 
into the tower at a rate of 120.0 g/hr as shown in Table 6. The distillation was conducted under normal pressure, with a 
reflux ratio of 4. at a bottom temperature of 60°C. With this, distillate having a composition shown in Table 6 was with- 
drawn from the top of the tower at a rate of 30.8 g/hr as shown in Table 6. and the bottom products (liqu.d) were col- 
lected at a rate of 128.2 g/hr as shown in Table 6. 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


40.0 


120.0 


30.8 


128.2 


Composition (wt%) 










HCFC-1233zd(t) 


10.4 




0.1 


3.2 


HCFC-1233zd(c) 


0.2 






0.1 


HFC-245fa 


89.4 




99.9 


3.3 


Trichloroethylene 




99.9 




93.3 
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EXAMPLE 7 

In this example, Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 7 
was introduced into the tower at a rate of 31 .5 g/hr as shown in Table 7, and tetrachloroethylene (solvent) was intro- 
duced into the tower at a rate of 170.9 g/hr as shown in Table 7. The distillation was conducted under normal pressure, 
with a reflux ratio of 4, at a bottom temperature of 60°. With this, distillate having a composition shown in Table 7 was 
withdrawn from the top of the tower at a rate of 13.6 g/hr as shown in Table 7, and the bottom products (hquid) were 
collected at a rate of 186.4 g/hr as shown in Table 7. 



Table 7 



35 



40 



45 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


31.5 


170.9 


13.6 


186.4 


Composition (wt%) 










HCFC-1233zd(t) 


43.8 




0.2 


7.2 


HCFC-1233zd(c) 


5.1 






0.8 


HFC-245fa 


51.1 




99.8 


1.3 


Tetrachloroethylene 




99.9 




90.7 



COMPARATIVE EXAMPLE 1 

In this comparative example. Example 1 was slightly modified as follows. In fact, the introduction of the solvent was 
so omitted in the distillation, and the fresh-feed having a composition shown in Table 8 was introduced into the tower at a 
rate of 31 0 g/hr as shown in Table 8. The distillation was conducted under normal pressure, with a reflux ratio of 4. at 
a bottom temperature of 20°C. With this, distillate having a composition shown in Table 8 was withdrawn from the top 
of the tower at a rate of 29.6 g/hr as shown in Table 8. 
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Table 8 



10 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


31.0 




29.6 




Composition (wt%) 










HCFC-1233zd(t) 


44.3 




44.8 




HCFC-1233zd(c) 


8.1 




7.7 




HFC-2451a 


47.6 




47.4 





15 



20 



EXAMPLE 8 

in this example Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 9 
w as r n tSu^nto tSSer at a rate of 36.0 g/hr as shown in Table 9. and n-heptane (solvent) was .ntroduced into 
T e tow^al a^S of 29 as shown in Table 9. The distillation was conducted under normal pressure, with a reflux 
the tower ^^^^^TTeo-C With this distillate having a composition shown in Table 9 was withdrawn 

rate of 39.6 g/hr as shown in Table 9. 



Table 9 



25 



30 



35 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


36.0 


29.0 


25.4 


39.6 


Composition (wt%) 










HCFC-1233zd(t) 


14.8 




0.1 


13.4 


HCFC-1233zd(c 


5.1 




0.0 


4.6 


HFC-245fe 


80.1 




99.9 


8.7 


n-heptane 




99.9 




73.3 



40 



45 



EXAMPLE 9 

in this example Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 
1 0 ZZSSStSSLm at a rate oM&O g/hr as shown in Table 10. and ^^T^TZ^^ 
du^irrto the tower at a rate of 32.1 g/hr as shown in Table 10. The distillation was conducted under Pre^ure 
SSSuxmETa at i bottom temperature of 60°C. With this, distillate having acomposition shown in Table 10 was 
Zl^Uw the ?op of SerTa rate of 33.4 g/hr as shown in Table 10. and the bottom products (..qu.d) were 
collected at a rate of 43.7 g/hr as shown in Table 10. 

Table 10 



so 
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Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


45.0 


32.1 


33.4 


43.7 


Composition (wt%) 










HCFC-1233zd(t) 


14.8 




0.3 


15.0 


HCFC-1233zd(c) 


5.1 




0.0 


4.6 


HFC-245fa 


80.1 




99.7 


6.3 


Methylcyclohexane 




99.9 




73.4 
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EXAMPLE 10 

In this example, Example 1 was slightly modified as follows. The fresh-feed having a composition shown in Table 
1 1 was introduced into the tower at a rate of 18.1 g/hr as shown in Table 1 1 , and n-heptane (solvent) was introduced 
s into the tower at a rate of 120.0 g/hr as shown in Table 1 1 . The distillation was conducted under normal pressure, with 
a reflux ratio of 5 at a bottom temperature of 60°C. With this, distillate having a composition shown in Table 1 1 was with- 
drawn from the top of the tower at a rate of 20.8 g/hr as shown in Table 1 1 . and the bottom products (liquid) were col- 
lected at a rate of 137.2 g/hr as shown in Table 1 1 . 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


38.0 


120.0 


20.8 


137.2 


Composition (wt%) 










HCFC-1233zd(t) 


35.6 




0.3 


9.8 


HCFC-1233zd(c) 


5.1 






1.4 


HFC-245fa 


59.3 




99.7 


1.3 


n-heptane 




99.9 




87.4 



COMPARATIVE EXAMPLE 2 

25 

In this comparative example, Example 1 was slightly modified as follows. In fact, the introduction of the solvent was 
omitted in the distillation, and the fresh-feed having a composition shown in Table 12 was introduced into the tower at 
a rate of 40.0 g/hr as shown in Table 12. The distillation was conducted under normal pressure, with a reflux ratio of 4, 
at a bottom temperature of 20°C. With this, distillate having a composition shown in Table 12 was withdrawn from the 
30 top of the tower at a rate of 39.6 g/hr as shown in Table 1 2. 



Table 12 





Fresh-Feed 


Solvent 


Distillate 


Bottom Products 


Introduction or Formation Rate (g/hr) 


40.0 




39.6 




Composition (wt%) 










HCFC-1233zd(t) 


14.8 




14.9 




HCFC-1233zd(c) 


5.1 




5.3 




HFC-249fa 


80.1 




79.8 





The entire disclosure of each of Japanese Patent Application Nos. 9-56261 filed on March 1 1 , 1997, 9-92127 filed 
on April 10, 1997, and 10-13951 filed on January 27, 1998, including specification, claims, and summary, is incorpo- 
rated herein by reference in its entirety. 



Claims 

1. A method for purifying a crude 1,1.1,3,3-pentafluoropropane comprising 1,1,1,3,3-pentafluoropropane and 1- 
chloro-3,3,3-frifluoro-trans-1-propene, by distillation, characterized in that the distillation is conducted in the pres- 
ence of a solvent having a boiling point which is higher than that of said i-chloro-3,3,3-trrfluoro-trans-1-propene, 
thereby to substantially remove said 1 -cbloro-3,3,3-trHluoro-trans-1 -propene from said crude 1,1,1 ,3,3-pentaf luor- 
opropane. 

2. A method according to claim 1 , wherein said solvent is selected from the group consisting of carbon chlorides, chlo- 
rohydrocarbons, f luorochlorohydrocarbons, and mixtures thereof. 



9 



% m 

EP 0 864 554 A1 

3. A method according to claim 2, wherein said solvent is selected from the group consisting of first compounds rep- 
resented by the formula CFyCI3.yCH2CHF w CI 2 -w where Y is an integer of from 0 to 3, W is an integer of from 0 to 
2, and it is impossible that Y is 3 and at the same time W is 2, second compounds represented by the formula 
CHF M a 2 -MCH=CF|v|Cl2.N where M is an integer of from 0 to 2, N is an integer of from 0 to 2, and it is impossible 

5 that M is 3 and at the same time N is 2, third compounds represented by the formula CHF p CI 1 _pCHCFqCI3.q where 

P is 0 or 1 , and Q is an integer of from 0 to 2, and mixtures thereof. 

4. A method according to claim 2, wherein said chlorohydrocarbons are 1,1,1 ,3,3-pentachloropropane, 1 ,3,3,3-tetra- 
chloropropene, 1 ,1 ,3,3-tetrachloropropene and mixtures thereof. 

10 

5. A method according to claim 2, wherein said fluorochlorohydrocarbons are 1,1,1-trifluoro-3,3-dichloropropane, 
1,1,1,3-tetrafluoro-3-chloropropane, and mixtures thereof. 

6. A method according to claim 2, wherein said solvent is selected from the group consisting of a chlorine-containing 
is ethane having a chlorine atom number of from 3 to 5, a chlorine-containing ethylene having a chlorine atom number 

of from 3 to 4, a chlorine-containing methane having a chlorine atom number of from 2 to 3, and mixtures thereof. 

7. A method according to claim 2, wherein said solvent is selected from the group consisting of trichloroethylene, tet- 
rachloroethylene, 1,1,2-trichIoroethane, 1,1,2,2-tetrachloroethane, 1,1,1,2-tetrachloroethane, pentachloroethane, 

20 dichloromethane, chloroform, and mixtures thereof. 

8. A method according to claim 1, wherein a molar ratio of said 1-chtoro-3,3,3-trifluoro-trans-1-propene to said 
1 ,1 ,1,3,3-pentaf luoropropane is from 0.01 :1 to 1 :1 . 

25 9. A method according to claim 1 , wherein a weight ratio of said solvent to said crude 1,1,1 ,3,3-pentaf luoropropane is 
from 10:100 to 2,000:100. 

10. A method according to daim 9, wherein said weight ratio is from 50:100 to 500:100. 

30 11. A method according to claim 1, wherein said solvent is at least one compound selected from saturated hydrocar- 
bons. 

1 2. A method according to claim 1 1 , wherein said saturated hydrocarbon has a carbon atom number of from 5 to 1 0, a 
melting point of not higher than -10°C, and a boiling point of from 35 to 200°C. 

35 

13. A method according to claim 12, wherein said saturated hydrocarbon is one of an acyclic saturated hydrocarbon 
which is optionally formed with a branch and a cyclic saturated hydrocarbon which is optionally formed with a sub- 
stituent group. 

40 14. A method according to claim 1 1 , wherein said saturated hydrocarbon is one of n-heptane and methylcyclohexane. 

15. A method for purifying a crude 1,1,1,3,3-pentaf luoropropane comprising 1,1,1 ,3,3-pentaf luoropropane and 1- 
chloro-3,3,3-trifluoro-trans-1-propene, by extractive distillation, characterized in that the extractive distillation is 
conducted in the presence of a solvent having a boiling point which is higher than that of said 1-chloro-3,3,3-trif- 

45 luoro-trans-1-propene, thereby to substantially remove said 1-chloro-3,3,3-trifluoro-trans-1-propene from said 
crude 1,1,1 ,3,3-pentaf luoropropane. 

16. A method according to claim 15, wherein said solvent is an extracting reagent selected from the group consisting 
of carbon chlorides, chlorohydrocarbons, fluorochlorohydrocarbons, and mixtures thereof. 

so 

17. A method according to claim 15, wherein said solvent is an extracting reagent which is at least one compound 
selected from saturated hydrocarbons. 
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